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FIG. 3 
13a 13b 

PERSONAL INFORMATIONFILE 
13b1 

MINIMUMTEMPO VALUENWAKMODE 80 bpm 

PLAYLIST FILE COMPRESSEDAUDOPERFORMANCE13d 
FE; 

COMPRESSEDAUDIOPERFORMANCE13d2 
FILE2 

PLAY LIST FORWALKUSE 
MAXIMUMTEMPOWALUEN WALKMODE 40 bpm. 

13b2 
MINIMUMTEMPO VALUENJOGGINGMODE 14Obom 
MAXIMUMTEMPO VALUENJOGGINGMODE 190 bom 

PLAYLIST FOR JOGGING USE COMPRESSED AUDIOPERFORMANCE '98 
D3 FILE-3 
ID#2 

compressEDADoPERFORMANCE13d4 
FILEFA 

MUSIC INFORMATIONFILE (XML FORMAT) : 
METADATA 3C1 
MAINTEMPO (SUSTAINABLE THROUGH MUSIC) 

TEMPO VALUE: 120 bon 

TEMPO (CHANGING FROM TIME TO TIME) 13C 
TIME DATA: 00000000 msec TEMPO VALUE: 120 bpm 
TIME DATA: OO60000 msec TEMPO VALUE: 130 bpm 

BEATPOSITIONS 
OOOOO23 mSec 
0000507 mSec 
OOO 109 nSec 

FADE POSITIONS 
1 TMEDATA: OO30371 mSec 
2 TIME DATA: 061936.4 mSec 

VOLUME AEF ADJUSTMENT FACTOR: 6dB 
ATMOSPHERE 

EXCITEICALM:50% 
RHYTHMSTYLEROCK 
DANCEABILITY:70% 

METADATA #2 13C2 

METADATA i3 13C3 

META DATA #4 13C4 
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FIG. 5A 

MAN ROUTINE 
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INITIALIZATION PROCESS 

S2 
NO IS COMMUNICATION START 

OPERATION PERFORMED2 
YES 

S3 
COMMUNICATION PROCESS 

S4 
SET STOPGAP MEASURE 

S5 
SET WALK MODE OR JOGGING MODE 

SET PLAY LST FORWALK USE OR S6 
PLAY LIST FOR JOGGING USE 

No/ is fitnessex S7 IS FITNESS EXERCISE START 
OPERATION PERFORMED? 

YES 

CALCULATE OFPTIMALHEART S8 
RATE CURVE 

INTIALIZE TARGET TEMPO TO S9 
MNIMUM TEMPO VALUE a 
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FIG. 5B 

(B) (A) 
S1 O 

MUSIC SELECTION PROCESS 

S11 
FITNESS PROCESS 

S12 
IS FITNESS EXERCISE COMPLETED 2 

YES S13 
NO / HAS MAXIMUM OR MINIMUM TEMPO 

VALUE BEEN CHANGED2 
YES 

WRITE CONTENT OF CHANGE INTO S14 
PERSONAL INFORMATION FILE UPON 
RECEPT OF USER'S APPROVAL 
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FIG. 6 

COMMUNICATION PROCESS 
ON MUSICPLAYER SIDE 

S21 
TRANSMTPERSONAL INFORMATION 

FILE TOPCN RESPONSETO 
RECQUEST FROM PC 

RENEW COMPRESSED AUDIO 
PERFORMANCE FILES, MUSIC 

INFORMATIONFILE AND 
PLAY LIST FILE 

RETURN 

COMMUNICATION PROCESS ONPC SIDE 

REQUEST MUSICPLAYER TO TRANSMT 
PERSONAL INFORMATIONFILE AND 

RECEIVE TRANSMITTEDFILE 

ACOUIRE TEMPORANGE IN EACH 
OPERATIONMODE FROMPERSONAL 

INFORMATIONFILE 

SELECT MUSICACCORDING TO TEMPO 
RANGEN EACH OPERATION MODE 

PRODUCE MUSIC INFORMATIONFILE AND 
PLAYLIST FILE ACCORDING TO 
RESULT OFMUSIC SELECTION 

RENEW COMPRESSED AUDIO 
PERFORMANCE FILES, MUSIC 

NFORMATION FILE AND PLAY LIST 
FILEIN MUSIC PLAYER 
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FIG. 7 

COMPRESSED AUDIO PERFORMANCE 
DATA ACOUISITION PROCESS ON PC SIDE 

S111 

ACOUIRE AND STORE COMPRESSED 
AUDIO PERFORMANCE DATA 

S112 

ANALYZE ACOURED COMPRESSED 
AUDIO PERFORMANCE DATA AND 

PRODUCE META DATA 

S 113 
STORE META DATA TO CORRESPOND 

TO COMPRESSED AUDIO 
PERFORMANCE DATA 
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FIG. 8 

MUSIC SELECTION PROCESS 

SEARCH FOR INTENDEDMUSIC S31 
CORRESPONDING TO TARGET TEMPO 
FROM CURRENTLY SELECTED PLAY LIST 

S32 
YES S INTENDEDMUSIC PRESENT? 

NO 
S33 

AUTOMATICALLY PRODUCE MUSIC 
DATA HAVING TARGET TEMPO 

S34 
REPRODUCE SELECTED MUSC 

RETURN 

  



U.S. Patent Jul. 19, 2011 Sheet 10 of 13 US 7,982,120 B2 

FITNESS PROCESS FIG. 9 
S41 

yes/HAS POSITION SHORT OF MUSIC 
CHANGEOVER POSITION 

BEEN REACHED? 
NO S42 

IS PACE UP/DOWN BUTTON NNO 
OPERATED? 

YES S48 

PACE CHANGE PROCESS S43 

HAS MUSIC PERFORMANCE 
BEEN PERFORMED FOR 
MORE THAN 30 SECONDS? 

YES 

DETECT HEART RATE 

IS DETECTED HEART RATE 
WITHN RANGE IN WHICH HEART 
RATE DOES NOT WARY MORE 
THAN PLUS OR MINUS 3% 

FROM TARGET HEART RATE 2 

NO 

INCREASE OR DECREASE TARGET 
TEMPO BY 5%, BUT SET TARGET 
TEMPO TO LOWER OR UPPER 
LIMIT OF TEMPO RANGEF 
NCREASED OR DECREASED 

TARGET TEMPO FALLS OUTSIDE 
TEMPO RANGE 

S47 
HAS TARGET TEMPO BEEN 

RENEWED 2 
YES 

MUSIC SELECTION PROCESS 

RETURN 
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FIG. IIA 
FADE-OUT START POSITION 

PRECEDING MUSIC : s 
PECE A : 
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FIG. IIB 
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FIG. IIC 
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PERFORMANCE APPARATUS AND 
STORAGEMEDIUM THEREFOR 

CROSS REFERENCE TO RELATED 
APPLICATION 5 

This application is a divisional of and claims priority to 
U.S. patent application Ser. No. 12/057,317 filed Mar. 27, 
2008, the entire content of which is incorporated herein by 
reference. 10 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a performance apparatus 

for use by a user in performing an exercise, dance or the like 
to the rhythm of music, and relates to a computer-readable 
storage medium in which a program for executing a method 
for controlling the performance apparatus is stored. 

2. Description of the Related Art 
A performance apparatus used by a user for performing an 

exercise, dance or the like to the rhythm of music is conven 
tionally known. 

For example, Such a performance apparatus is configured 
to generate a time-dependent target pulse rate pattern for a 
time period from start to end of a user's exercise based on the 
intensity of exercise or other conditions which are input to the 
apparatus, detect the pulse rate of the user performing the 
exercise in time with the reproduction of selected music data, 
calculate a correction value for correcting the tempo of music 
data based on the user's exercise tempo and a difference 
between the target and detected pulse rates, and correct the 
tempo of music data with the correction value (for example, 
see Japanese Laid-open Patent Publication No. 2001 
299980). 

This conventional performance apparatus discloses a tech 
nical concept of reproducing selected music data in a cor 
rected tempo, but does not disclose nor Suggest a technical 
concept of making a shift from reproduction of music data to 
reproduction of different music data. 
When, for example, music data whose reproduction time is 

several minutes is reproduced during the user's exercise of 
several ten minutes, the same music data is repeatedly repro 
duced about ten times during the exercise, making the user to 
get tired of the music. It is therefore preferable that a plurality 45 
of music pieces should sequentially be reproduced during the 
exercise. This also applies to a case where music data is 
reproduced in a corrected tempo as in the above described 
performance apparatus. If the reproduction of music data 
being reproduced can be changed over to the reproduction of 50 
different music data stored in the performance apparatus, the 
user is encouraged to make efforts to perform the exercise for 
a long time with a fresh mind. 
Upon changeover of music pieces during the exercise, 

music pieces must be reproduced without any discontinuity 55 
So as not to hinder the exercise. To this end, a cross-fade 
technique is frequently used to connect a preceding music 
piece to a Subsequent music piece without discontinuity. 
However, when music pieces are crossfade-connected, a 
deviation is often produced between the beat of the preceding 60 
music piece and the beat of the Subsequent music piece, 
which disturbs the rhythm of exercise or dance. 
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SUMMARY OF THE INVENTION 
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The present invention provides a performance apparatus 
capable of changing reproduction of a music piece over to 

2 
reproduction of a different music piece without disturbing the 
rhythm of exercise, dance, or the like performed by a user to 
the rhythm of music, and provides a computer-readable Stor 
age medium storing a program for executing a method for 
controlling the performance apparatus. 

According to a first aspect of this invention, there is pro 
vided a performance apparatus comprising storage unit 
adapted to store a plurality of performance data, a selection 
unit adapted to select any of the plurality of performance data 
stored in the storage unit, a reproduction unit adapted to 
reproduce performance data selected by the selection unit, a 
control unit adapted to control said reproduction unit Such 
that performance data being reproduced by the reproduction 
unit is changed over to another performance data selected by 
the selection unit and performance data reproduction is con 
tinuously carried out, and a beat position acquisition unit 
adapted to acquire a beat position in preceding performance 
data used for performance data reproduction before 
changeover controlled by the control unit, and acquire a beat 
position in Subsequent performance data used for perfor 
mance data reproduction after the changeover, wherein the 
control unit is adapted to control the changeover Such that the 
beat position in the preceding performance data matches the 
beat position in the Subsequent performance data. 

With the performance apparatus according to the first 
aspect of this invention, upon changeover from the preceding 
performance data to the Subsequent performance data, the 
changeover is carried out Such that the beat position in the 
preceding performance data matches the beat position in the 
Subsequent performance data. Thus, when a user performs 
exercise, dance, or the like to the rhythm of music, the 
changeover and reproduction of music can be carried out 
without disturbing the rhythm of the user's exercise or dance. 
The performance apparatus can further include a transmis 

sion/reception unit adapted to be connected to an external unit 
for data transmission and data reception to and from the 
external unit, and a data acquisition unit adapted to acquire, 
from the external unit via the transmission/reception unit, 
pieces of performance data and pieces of beat position data 
each indicating a beat position in a corresponding one of the 
performance data in terms of time. The storage unit can be 
adapted to store the performance data acquired by the acqui 
sition unit and also store the beat position data corresponding 
to the performance data. The beat position acquisition unit 
can be adapted to acquire the beat position in the preceding 
performance data and the beat position in the Subsequent 
performance data from the beat position data stored in the 
storage unit. 

In this case, performance data and beat position data rep 
resentative of beat positions in the performance data in terms 
of time are acquired from the external unit and stored in the 
storage unit, and the beat position in preceding performance 
data and the beat position in Subsequent performance data are 
acquired from the stored beat position data. As a result, the 
performance apparatus is not required to have a high calcu 
lation processing ability, whereby fabrication costs can be 
reduced. 

According to a second aspect of this invention, there is 
provided a performance apparatus comprising a storage unit 
adapted to store a plurality of performance data, a selection 
unit adapted to select any of the plurality of performance data 
stored in the storage unit, a first reproduction unit adapted to 
reproduce performance data selected by the selection unit, a 
control unit adapted to control the first reproduction unit Such 
that performance data being reproduced by the first reproduc 
tion unit is changed over to another performance data selected 
by the selection unit and performance data reproduction is 
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continuously carried out, a musical tone characteristic acqui 
sition unit adapted to acquire a musical tone characteristic of 
at least one of preceding performance data used for perfor 
mance data reproduction before changeover controlled by the 
control unit and Subsequent performance data used for per 
formance data reproduction after the changeover, a genera 
tion unit adapted, based on the musical tone characteristic 
acquired by the musical tone characteristic acquisition unit, to 
generate stopgap performance data for connecting between 
the preceding performance data and the Subsequent perfor 
mance data, and a second reproduction unit adapted to repro 
duce the stopgap performance data generated by the genera 
tion unit, wherein the control unit is adapted to control the 
second reproduction unit such that the stopgap performance 
data is inserted between the preceding performance data and 
the Subsequent performance data and is reproduced. 

With the performance apparatus according to the second 
aspect of this invention, the musical tone characteristic of at 
least one of the preceding performance data and the Subse 
quent performance data is acquired, and in accordance with 
the acquired characteristic, stopgap performance data used 
for connection between the preceding and Subsequent perfor 
mance data is generated and inserted therebetween for repro 
duction. As a result, the preceding performance data can 
Smoothly be connected to the Subsequent performance data, 
and therefore, when a user performs exercise, dance, or the 
like to the rhythm of music, the changeover and reproduction 
of music can be carried out without disturbing the rhythm of 
the user's exercise or dance. 

The musical tone characteristic acquisition unit can be 
adapted to acquire musical tone characteristics of both the 
preceding performance data and the subsequent performance 
data, and the generation unit can be adapted to generate 
stopgap performance data that varies from the musical tone 
characteristic of the preceding performance data to the musi 
cal tone characteristic of the Subsequent performance data 
with elapse of time. 

In this case, both the musical tone characteristic of the 
preceding performance data and that of the Subsequent per 
formance data are acquired, and stopgap performance data 
varying from the musical tone characteristic of the preceding 
performance to the musical tone characteristic of the Subse 
quent performance data is generated. As a result, the preced 
ing performance data can further be Smoothly connected to 
the Subsequent performance data. 

The performance apparatus can further include a stopgap 
performance data storage unit adapted to store a plurality of 
the stopgap performance data, and the generation unit can be 
adapted, based on the musical tone characteristic acquired by 
the musical tone characteristic acquisition unit, to select the 
stopgap performance data from among the plurality of the 
stopgap performance data stored in the stopgap performance 
data storage unit. 

In this case, the stopgap performance data is selected by the 
generation unit from among the data stored in the stopgap 
performance data storage unit in accordance with the 
acquired musical tone characteristic, and therefore, it is 
unnecessary for the generation unit to generate the stopgap 
performance data. As a result, the performance apparatus is 
not required to have a high calculation processing ability, 
whereby fabrication costs can be reduced. 

The performance apparatus can further include a transmis 
sion/reception unit adapted to be connected to an external unit 
for data transmission and data reception to and from the 
external unit, and a data acquisition unit adapted to acquire, 
from the external unit via the transmission/reception unit, 
pieces of performance data and pieces of musical tone char 
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4 
acteristic data each indicating a musical tone characteristic of 
a corresponding one of the performance data. The storage unit 
can be adapted to store the performance data acquired by the 
acquisition unit and also store the musical tone characteristic 
corresponding to the performance data, and the musical tone 
characteristic acquisition unit can be adapted to acquire the 
musical tone characteristic of at least one of the preceding 
performance data and the Subsequent performance data from 
the musical tone characteristic data stored in the storage unit. 

In this case, musical tone characteristic data indicating the 
musical tone characteristic of performance data are acquired 
from the external unit and stored in the storage unit, and the 
musical tone characteristic of at least one of the preceding and 
Subsequent performance data is acquired from the stored 
musical tone characteristic data. As a result, the performance 
apparatus is not required to have a high calculation processing 
ability, whereby fabrication costs can be reduced. 

According to a third aspect of this invention, there is pro 
vided a computer-readable storage medium storing a program 
for causing a computer to execute a method for controlling a 
performance apparatus including a storage unit storing a plu 
rality of performance data, the method comprising a selection 
step of selecting any of the plurality of performance data 
stored in the storage unit, a reproduction step of reproducing 
performance data selected in the selection step, a control step 
of controlling the reproduction step such that performance 
data being reproduced in the reproduction step is changed 
over to another performance data selected in the selection step 
and performance data reproduction is continuously carried 
out, and a beat position acquisition step of acquiring a beat 
position in preceding performance data used for performance 
data reproduction before changeover controlled by the con 
trol step, and acquire a beat position in Subsequent perfor 
mance data used for performance data reproduction after the 
changeover, wherein the control step controls the changeover 
Such that the beat position in the preceding performance data 
matches the beat position in the Subsequent performance data. 

According to a fourth aspect of this invention, there is 
provided a computer-readable storage medium storing a pro 
gram for causing a computer to execute a method for control 
ling a performance apparatus including a storage unit storing 
a plurality of performance data, the method comprising a 
selection step of selecting any of the plurality of performance 
data stored in the storage unit, a first reproduction step of 
reproducing performance data selected in the selection step, a 
control step of controlling the first reproduction step such that 
performance data being reproduced in the first reproduction 
step is changed over to another performance data selected in 
the selection step and performance data reproduction is con 
tinuously carried out, a musical tone characteristic acquisi 
tion step of acquiring a musical tone characteristic of at least 
one of preceding performance data used for performance data 
reproduction before changeover controlled by the control 
step and Subsequent performance data used for performance 
data reproduction after the changeover, a generation step of 
generating, based on the musical tone characteristic acquired 
in the musical tone characteristic acquisition step, stopgap 
performance data for connecting between the preceding per 
formance data and the Subsequent performance data, and a 
second reproduction step of reproducing the stopgap perfor 
mance data generated in the generation step, wherein the 
control step controls the second reproduction step Such that 
the stopgap performance data is inserted between the preced 
ing performance data and the Subsequent performance data 
and is reproduced. 
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Further features of the present invention will become 
apparent from the following description of an exemplary 
embodiment with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram schematically showing the con 
struction of a portable music player to which a performance 
apparatus according to one embodiment of this invention is 
applied; 

FIG. 2A is a view showing the external appearance of the 
musical player schematically shown in FIG. 1; 

FIG. 2B is a view showing an example of how the music 
player is attached to user's body; 

FIG. 3 is a view showing a part of files stored in a flash 
memory shown in FIG. 1; 

FIG. 4 is a view showing an example of an optimal heart 
rate curve in a jogging mode; 
FIGS.5A and 5B are a flowchart showing the procedure of 

a main routine executed by the music player shown in FIG. 1, 
particularly by a CPU thereof; 

FIG. 6 is a flowchart showing in detail the procedure of a 
communication process shown in FIG. 5A; 

FIG. 7 is a flowchart showing the procedure performed on 
a PC side to acquire compressed audio performance data on 
which a compressed audio performance file is based; 

FIG. 8 is a flowchart showing in detail the procedure of a 
music selection process shown in FIG. 5B; 

FIG. 9 is a flowchart showing in detail the procedure of a 
fitness process shown in FIG. 8: 

FIG. 10 is a flowchart showing in detail the procedure of a 
pace change process shown in FIG. 9; 

FIGS. 11A to 11C are views for explaining the way of how 
a music data changeover position is determined upon 
changeover from music data currently reproduced to selected 
music data, wherein FIG. 11A shows how a preceding music 
piece is faded out when the preceding music piece is repro 
duced up to near the end of music data and is changed over to 
the next music data, FIG. 11B shows how a subsequent music 
piece is faded-in, and FIG. 11C shows a case where the 
changeover to the next music data is performed in the midst of 
reproduction of music; and 

FIGS. 12A to 12F are views for explaining connection 
methods which can be selected by the music player shown in 
FIG. 1, wherein FIG. 12A shows an example where the 
changeover to the next music data is carried out in the midst 
of music reproduction, FIG.12B shows an example where the 
reproduction of a preceding music piece is changed over to 
the reproduction of a stopgap phrase and to the reproduction 
of a Subsequent music piece, FIG. 12C shows an example 
where the stopgap phrase is reproduced with the preceding 
music piece faded out and then the reproduction of the stop 
gap phrase is changed over to the reproduction of a Subse 
quent music piece, FIG. 12D shows an example where the 
preceding music piece is faded out but the Subsequent music 
piece is not faded in, FIG. 12E shows an example where the 
preceding music piece is faded out and the Subsequent music 
piece is faded in, and FIG. 12F shows an example where the 
reproduction of the preceding music piece is changed over to 
the reproduction of the stopgap phrase and to the reproduc 
tion of the Subsequent music piece while the Subsequent 
music piece is faded in. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will now be described in detail below 
with reference to the drawings showing a preferred embodi 
ment thereof. 
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6 
FIG. 1 schematically shows in block diagram the construc 

tion of a portable music player MP to which a performance 
apparatus according to one embodiment of this invention is 
applied. 
As shown in FIG. 1, the music player MP includes a pulse 

sensor 1 for detecting a user's pulse, an acceleration sensor 2 
for detecting a user's exercise State, a setting operator 3 
including a plurality of Switches, a headphone 4, a pulse 
detection circuit 5 for detecting a pulse based on an output 
from the pulse sensor 1, an acceleration detection circuit 6 for 
detecting X-, y- and Z-axis direction accelerations based on an 
output from the acceleration sensor 2, an operated State detec 
tion circuit 7 for detecting operated states of the respective 
switches of the setting operator 3, a CPU 8 for controlling the 
entire apparatus, a ROM 9 for storing control programs 
executed by the CPU8, various table data, etc., a RAM 10 for 
temporarily storing music data, various input information, 
computation results, etc., a timer 11 for measuring an inter 
rupt time period for timer interrupt processing and various 
time periods, a display unit 12 for displaying various infor 
mation, etc., which is comprised, for example, of a liquid 
crystal display (LCD), light emitting diodes (LEDs), and the 
like, a flash memory 13 for storing various application pro 
grams including the control programs, various music data, 
various data, etc., an USB I/F (universal serial bus interface) 
14 for transmitting and receiving data to and from a PC 
(personal computer) 100 which is an external device con 
nected thereto, a MIDI tone generator circuit 15 for convert 
ing music data consisting of MIDI data among the stored 
music data into musical tone signals, a compressed audio 
decoder 16 for expanding and converting music data consist 
ing of compressed audio data among the stored music data 
into musical tone signals, an effect circuit 17 for adding 
various effects on musical tone signals which are output from 
the MIDI tone generator circuit 15 and the compressed audio 
decoder 16, and an amplifier 18 for amplifying musical tone 
signals supplied from the effect circuit 17. 
The above described elements 5 to 18 are connected to a 

bus 19. The MIDI tone generator circuit 15 and the com 
pressed audio decoder 16 are connected to the effect circuit 17 
which is connected to the amplifier 18. The headphone 4 is 
connected to the amplifier 18. 
The pulse sensor 1 is attached to user's earlap, hand, finger, 

or the like, and adapted to output a signal in synchronism with 
the user's pulse. In this embodiment, the pulse sensor 1 is 
provided in an earmuff part of the headphone 4 for detection 
of the user's pulse. Needless to say, the pulse sensor 1 may be 
attached to or provided in any other part than headphone 
earmuff so long as it can detect the pulse without hindering 
user's exercise. 
The acceleration sensor 2 is provided in a housing of the 

music player MP. Since the music player MP is attached to the 
user's waist or the like as described below, vertical and hori 
Zontal accelerations are produced in the music player MP 
while the user is performing exercise, and are detected by the 
acceleration sensor 2. It should be noted that the acceleration 
sensor 2 is not limited to being incorporated in the music 
player MP, but may be configured separately from the music 
player MP. 
The flash memory 13 can be adapted to store control pro 

grams for execution by the CPU 8, as described above. In the 
case of such control programs not being stored in the ROM 9. 
the control programs can be stored in the flash memory 13. By 
reading the control programs from the flash memory 13 into 
the RAM 10, it is possible to cause the CPU 8 to make actions 
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similarly to the case where the control programs are stored in 
the ROM 9. In that case, the control programs can easily be 
added and version upgraded. 

FIGS. 2A and 2B respectively show the external appear 
ance of the music player MP and an example of how the music 
player MP is attached to user's body. 
As shown in FIG. 2A, a plurality of switches 3a to 3d and 

an LCD 12a are provided in a panel surface of the music 
player MP. The switch3a is a power button for turning on and 
off the power supply, the switch 3b is a pace-up button for 
speeding up the music tempo to speed up the exercise pace, 
the switch 3c is a pace-down button for slowing down the 
music tempo to slow down the exercise pace, and the Switch 
3d is a menu button to cause a menu to be displayed on the 
LCD 12a. Menu items and parameters can be selected by the 
switches 3b and 3c. By simultaneously pressing the switches 
3b and 3c, the user can give the music player MP instructions 
for approval, reproduction, and stop. The headphone 4 is 
connected via a cable 4a to a headphone jack (not shown) 
which is connected to the amplifier 18. 

The music player MP is attached to the users waist via a 
belt, for example. FIG. 2B shows an example of how the 
music player MP is attached to the user's waist. The music 
player MP can be, of course, attached to any part of the user's 
body other than the waist. In this embodiment, the music 
player MP is for assisting the user's exercise, and therefore, 
the music player MP should be attached to a body part where 
it does not hinder the user's exercise. 

FIG.3 shows a part of data stored in the flash memory 13. 
The data part shown in FIG. 3 includes a play list file 13a, a 
personal information file 13b, a music information file 13c, 
and compressed audio performance files 13dn (n=1,2,...). 
The play list file 13a includes a play list 13a1 for walk use 

and a play list 13a2 for jogging use. Each of the play lists is a 
tabulated list in which pieces of reproducible (performable) 
music are listed. In some music player other than the music 
player MP of this embodiment, pieces of reproducible music 
and the order of reproduction thereofare listed in the play list. 
On the other hand, in the play list of this embodiment, pieces 
of reproducible music are only listed, with the order of repro 
duction thereof omitted. The play list 13a1 for walk use is a 
tabulated listin which pieces of music selected for use in walk 
mode are included, whereas the play list 13a2 for jogging use 
is a tabulated list in which pieces of music selected for use in 
jogging mode are included. In the play lists of this embodi 
ment, IDs assigned to respective pieces of music (compressed 
audio performance files 13dn) are registered, but this is not 
limitative. Alternatively, names or any others may be regis 
tered so long as respective pieces of music can be specified. In 
this embodiment, there are only shown two types of operation 
modes, i.e., the walk mode and the jogging mode, for the sake 
of simplified explanation. Actually, however, there are pro 
vided operation modes in a number corresponding to the 
number of types of exercise (normally, about ten types). 

Like the play list file 13a, the personal information file 13b 
includes a plurality of types of personal information for selec 
tion according to the operation modes. In this embodiment, 
the personal information file 13b includes personal informa 
tion 13b1 for walk mode and personal information 13b2 for 
jogging mode. Specifically, each personal information is a 
tempo range specified by minimum and maximum tempo 
values. Each tempo range is used to select, from among 
performance files 13dn, personal files to be registered in the 
play list concerned. Specifically, performance files selected 
from the performance files 13dn are registered in the play list 
13a1 for walk use, wherein each of the selected performance 
files has a tempo value (a tempo value of main point) falling 
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8 
within a range from 80 bpm (the minimum tempo value in 
walk mode) to 140 bpm (the maximum tempo value in walk 
mode). On the other hand, performance files each having a 
tempo value (a tempo Value of main point) falling within a 
range from 140 bpm (the minimum tempo value in jogging 
mode) to 190 bpm (the maximum tempo value in jogging 
mode) and selected from the performance files 13dn are reg 
istered in the play list 13a2 for jogging use. 
The music information file 13c includes pieces of meta 

data 13.cn (n=1, 2, . . . ) respectively corresponding to the 
performance files 13dn. Each of the pieces of metadata 13cm 
includes a main point which remains Substantially unchanged 
through the music concerned, tempos which change from 
time to time, beat positions, fade positions, and so on, which 
are registered therein. The main point is a value representing 
a tempo that is most Sustainable through the entire music, and 
is a tempo value that represents the entire music. The main 
point is used for the selection of music data to be registered in 
the play list and for the selection, from among the music data 
registered in the play list, of music data to be reproduced. The 
beat positions represent positions of beats of from beginning 
to end of music interms of time measured from the beginning 
of music. Typically, the beat positions represent time-based 
positions of every beat, but may represent time-based posi 
tions of every plural beats (for example, every four beats). The 
beat positions, fade positions, Sound Volumes, and atmo 
sphere of music are used for making a shift from the repro 
duction of the music piece concerned to the reproduction of 
another music piece. This invention is characterized in the 
way of how the music reproduction is changed over based on 
beat position data and the like, and detailed procedures there 
for will be described later. 
The performance files 13dn each consist of compressed 

audio performance data. Any compression method can be 
used for audio performance data compression. There may be 
mentioned, for example, MP3 (MPEG audio layer 3), WMA 
(Windows (registered trademark) media audio), AAC (ad 
vanced audio coding), etc. Compressed audio performance 
data on which the performance files 13dn are based are 
acquired by the PC 100, as described below with reference to 
FIG. 7. Upon acquisition of compressed audio performance 
data, the PC 100 analyzes the content of the data, and pro 
duces metadata corresponding to the compressed audio per 
formance data. 

In the following, a control process for execution by the 
music player MP constructed as described above will be 
schematically described with reference to FIG. 4 and FIGS. 
12A to 12F, and then described in detail with reference to 
FIG.5 to FIGS 12A to 12F. 
The music player MP mainly carries out the following 

processes. 
(A) A music selection/reproduction process, in which 

pieces of music are selected and reproduced such as to change 
the user's heart rate along an optimal heart rate curve; and 

(B) A pace change process to change the exercise pace in 
accordance with user's operations of the pace up/down but 
tons 3b, 3c. 
When an instruction to start fitness exercise is given by the 

user to the music player MP, the CPU 8 causes the process to 
proceed to the music selection/reproduction process (A) in 
which an optimal heart rate curve is calculated based on 
current settings. It is assumed here that the jogging mode has 
been set as the operation mode. FIG. 4 shows an example of 
the optimal heart rate curve calculated in a state that the 
jogging mode is set. Next, the CPU 8 sets an initial value of 
the target tempo to the minimum tempo value in the jogging 
mode, i.e., 140 bpm (see FIG. 3), searches for music having a 
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tempo corresponding to the target tempo from the play list 
13a2 for jogging use. As a result of the search, if intended 
music is present in the play list 13a2 for jogging use, the CPU 
8 selects the intended music, i.e., one of the compressed audio 
performance files 13dn (n=1,2,...), and gives an instruction 5 
to reproduce the selected music to the compressed audio 
decoder 16. On the other hand, as a result of the search, if the 
intended music is not present in the play list 13a2 for jogging 
use, the CPU 8 produces, in the MIDI data format, music 
having a tempo corresponding to the target tempo, selects the 
produced music data, and gives an instruction to reproduce 
the produced music data to the MIDI tone generator circuit 
15. 
When the selected music data is continued to be repro 

duced for a predetermined time period (30 seconds, for 
example), the CPU 8 detects user's pulse (heart rate) via the 
pulse detection circuit 5, and calculates a difference between 
the detected heart rate and a target heart rate (i.e., a heart rate 
on the optimal heart rate curve at a given elapsed time from 20 
the start of fitness exercise). If the difference between the 
detected and target heart rates falls outside a predetermined 
range (in which the difference does not vary more than plus or 
minus 3% from the target heart rate, for example), the CPU 8 
changes the target tempo Such as to decrease the difference 25 
therebetween. Specifically, when the detected heart rate is 
more than 3% larger than the target heart rate, the CPU 8 
decreases the target tempo by 5%. On the other hand, when 
the detected heart rate is more than 3% smaller than the target 
heart rate, the target tempo is increased by 5%. Then, the CPU 30 
8 newly selects music in accordance with the target tempo 
having been changed as described above. As a result, the 
target tempo is adjusted Such that the user's heart rate is made 
along the optimal heart rate curve, and pieces of music each 
having a tempo corresponding to the target tempo are selected 35 
and reproduced in sequence until completion of the fitness 
exercise. 
One of features of this invention resides in that upon 

changeover of selected music data, the beat of a preceding 
music piece and that of a Subsequent music piece are made to 40 
match each other. As a result, a shift from the reproduction of 
the preceding music piece to the reproduction of the Subse 
quent music piece can Smoothly be carried out, and therefore, 
the rhythm of a user's exercise or dance is not disturbed even 
at the changeover of music. In this embodiment, there are 45 
provided six types of the way of matching the beat of the 
preceding music piece to the beat of the Subsequent music 
piece, i.e., six types of methods for connecting them, as 
shown in FIGS. 12A to 12F. These methods for music piece 
connection are given respective names. When any of the 50 
names is selected by the user, selected music data are con 
nected by the method having the selected name. 
When the pace up/down button 3b or 3c is operated by the 

user during the fitness exercise, the CPU 8 causes the process 
to proceed to the pace change process (B), in which the target 55 
tempo is increased or decreased by a predetermined value 
(5%, for example). Then, the CPU 8 determines whether or 
not the pace up/down button 3b or 3c has been operated in 
predetermined timing. If it is determined that the button has 
been operated in the predetermined timing, the personal 60 
information 13b2 is changed. Therefore, in accordance with 
the users instruction, the music is reproduced in the tempo 
after the change and the personal information is updated in a 
predetermined timing. It should be noted that the changeover 
to the reproduction of the music piece having been changed in 65 
tempo is also carried out by the selected connection method. 

Next, the control process is explained in detail below. 
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FIGS. 5A and 5B show in flowchart the procedure of the 

main routine executed by the music player MP, especially, by 
the CPU 8 thereof. 

In the main routine, the CPU 8 mainly performs the fol 
lowing processes. 

(1) An initialization process (step S1); 
(2) A communication process with the PC 100 (step S3); 
(3) A process before the start offitness exercise (steps S4 to 

S6): 
(4) A process at the start of fitness exercise (steps S8 to 

S10); 
(5) A fitness process (step S11); and 
(6) A process upon completion of fitness exercise (steps 

S13 and S14). 
The main routine is started when power is turned on by the 

power button 3a. Upon start of the main routine, the initial 
ization process (1) is executed once. Subsequently, the pro 
cesses (2) to (6) are executed in sequence. When the process 
(6) is completed, the process is returned to the process (2). 
Then, the processes (2) to (6) are repeatedly carried out until 
the power is turned off by the power button 3a. 

In the initialization process (1), the CPU 8 performs ini 
tialization to clear the RAM 6 and sets various parameter 
values to default values, and so on. Initialization for the opera 
tion mode and the connection method is also performed. For 
example, the “walk mode” is set as the default operation 
mode, and an “instantaneous changeover” (see FIG. 12A) is 
set as a default connection method. 
When a communication start operation, such as connecting 

the USB I/F 14 to the PC 100 via, e.g., the USB cable (not 
shown), is performed by a user (step S2 in FIG. 5A), the CPU 
8 detects that the PC 100 is connected to the USB I/F 14 and 
causes the process to proceed to the communication process 
(2). 

FIG. 6 shows in flowchart the procedure of the communi 
cation process in detail. In FIG. 6, there are shown a commu 
nication process on the music player MP side, i.e., the com 
munication process (2), and a communication process on the 
PC 100 side. It should be noted that from the PC 100 side, the 
music player MP connected thereto via the USB cable is 
recognized as an external storage unit (storage), and the PC 
100 can freely read and rewrite the stored content of the flash 
memory 13 of the music player MP. 

Since the music player MP is extremely smaller in storage 
capacity than the PC 100, it is impossible for the music player 
MP (more specifically, the flash memory 13 thereof) to store 
all the music data (including the compressed audio perfor 
mance files 13dn) in all the operation modes (in this embodi 
ment, two types of operation modes are shown by way of 
example, but about ten types of operation modes are provided 
in actuality). Thus, an immediately necessary part of music 
data which are stored beforehand in the PC 100 is selected and 
stored in the flash memory 13. A determination to determine 
the presence or absence of the immediate necessity of respec 
tive music data, storage of necessary music data into the flash 
memory 13, elimination of unnecessary music data from the 
flash memory 13, renewal of the play list file 13a, and so on 
are all performed on the PC 100 side. To this end, the com 
munication process between the PC 100 and the music player 
MP is required. 

In the communication process on the PC 100 side, a CPU 
(not shown) of the PC 100 performs the following processes. 

(101) A process to request the music player MP to transmit 
the personal information file 13b, and receive the transmitted 
file 13b (step S101): 

(102) A process to acquire a tempo range in each operation 
mode from the personal information file 13b (step S102); 
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(103) A process to select music data in accordance with the 
tempo range in each operation mode acquired by the process 
(102) (step S103): 

(104) A process to produce the music information file 13c 
and the play list file 13a in accordance with a result of selec 
tion by the process (103) (step S104); and 

(105) A process to renew the compressed audio perfor 
mance files 13dn, the music information file 13c, and the play 
list file 13a in the music player MP (specifically, in the flash 
memory 13 thereof) (step S105). 

In the music selection process (103), music data are 
selected according to the tempo range specified by the mini 
mum and maximum tempo values indicated in the personal 
information for each operation mode. Here, the words 
“according to the tempo range’ do not indicate that music 
data having a tempo even slightly deviating from the tempo 
range should not be selected, but indicate that music data may 
be selected with some margin, for example, about 10%. As a 
result, when the minimum tempo value of 90 bpm and the 
maximum tempo value of 140 bpm are indicated in the per 
Sonal information, music data each having a tempo falling 
within the range from 81 bpm to 154 bpm are selected. 
By the music selection process (103), music data to be 

registered in the play list are selected for each operation 
mode. In the process (104), the play list for each operation 
mode is produced, and all the play lists are combined together 
to thereby produce one play list file. Since there is always 
present metadata corresponding to each selected music data 
(meta data is produced simultaneously with acquisition of 
music data as described below with reference to FIG. 7, and 
the music selection process (103) is implemented based on 
the content of metadata made to correspond to each music 
data), all the metadata corresponding to respective ones of all 
the selected music data are combined together to produce one 
music information file. IDs attached to music data are also 
attached to metadata, thereby maintaining a one-to-one cor 
respondence between each of the selected music data and the 
meta data corresponding thereto, even if the data save desti 
nation will be changed from the PC 100 side to the music 
player MP. 

In response to a request for transmission from the PC 100 
in the process (101), the CPU 8 of the music player MP 
transmits the personal information file 13b stored in the flash 
memory 13 to the PC 100 via the USB I/F 14 (step S21). In 
response to renewal of files in the process (105), the CPU 8 
renews the compressed audio performance files 13dn, the 
music information file 13c, and the play list file 13a, which 
are stored in the flash memory 13 (step S22). 

FIG.7 shows inflowchart the procedure of a process imple 
mented by the PC 100 side to acquire compressed audio 
performance data on which the compressed audio perfor 
mance files 13dn are based. 

In accordance with, for example, a users instruction, the 
CPU of the PC 100 acquires compressed audio performance 
data, and causes the acquired data to be stored into an external 
storage unit (not shown) Such as an HDD (hard disk unit) 
(step S111). There may be several sources from which the 
compressed audio performance data are acquired. For 
example, a compressed audio performance data provider site 
on the Internet can be mentioned, which is of course not 
limitative. To acquire the compressed audio performance 
data, audio performance data obtained from the source of 
audio performance data (such as a music CD) can be com 
pressed using Software for compressing uncompressed audio 
performance data into compressed audio performance data. 

Next, the CPU analyzes the acquired compressed audio 
performance data and produces meta data (step S112). Spe 
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12 
cifically, the CPU analyzes the compressed audio perfor 
mance data to detect therefrom a main point, tempos, beat 
positions, fade positions, etc., and produces metadata having 
these parameters indicated therein. As a method for analyzing 
the compressed audio performance data, there can be men 
tioned, for example, a method in which the compressed audio 
performance data is signal-processed to detect a time-depen 
dent change in Sound Volume or the periodicity of time 
dependent change in Sound Volume, or in which Such a detec 
tion is performed for signals having frequencies falling within 
a particular frequency range. In particular, by detecting the 
periodicity of Sound Volume change in a low-frequency 
range, bass drum beats or bass drum tempos can be detected. 
Alternatively, metadata can be produced or modified by the 
user, while listening to music sound reproduced from data 
obtained by expanding the compressed audio performance 
data. 

Furthermore, the CPU causes the produced metadata to be 
stored in the external storage unit Such as to correspond to the 
compressed audio performance data (step S113). 

Referring to FIG. 5A again, in the process before the start 
offitness exercise (3), the CPU 8 sets a stopgap measure (any 
of the connection methods) in accordance with user's opera 
tion or initialization (step S4). 

FIGS. 12A to 12F are for explaining connection methods 
which can be selected by the music player MP. In FIGS. 12A 
to 12F, the above described six types of connection methods 
are shown, which are respectively given their names as 
“instantaneous changeover”, “stopgap phrase insertion'. 
“stopgap phrase insertion plus fade-out”, “instantaneous 
changeover plus fade-out', 'cross-fade', and "stopgap phrase 
insertion plus fade-in'. As described above, the “instanta 
neous changeover has been set in the initial setting, and 
therefore, the “instantaneous changeover is set as the con 
nection method unless the setting of the connection method is 
changed by the user. If the user changes the setting of the 
connection method, the “instantaneous changeover is 
changed over to another connection method. To change the 
connection method, there may be mentioned, for example, a 
method in which, when the menu button 3d is operated by the 
user, a menu is displayed on the LCD 12a, and when an item 
used for changing the connection method is selected by the 
user from the menu, a list of the names of the six types of 
connection methods is displayed, thereby enabling the user to 
select the desired connection method. Of course, the method 
for changing the connection method is not limitative to this so 
long as the connection method can be changed. 

Next, in accordance with user's operation or initialization, 
the CPU 8 sets the operation mode into either the walk mode 
or the jogging mode (step S5). As described previously, the 
walk mode is set in the initialization. Therefore, the operation 
mode is set into the walk mode, if the operation mode setting 
is not changed by the user. On the other hand, if the operation 
mode setting is changed by the user, the walk mode is 
changed to the jogging mode. The method for setting the 
operation mode may be the same as the above described 
method for changing the connection method setting. 

Furthermore, in accordance with user's operation or ini 
tialization, the CPU 8 sets either the play list 13a1 for walk 
use or the play list 13a2 for jogging use into the play list (step 
S6). As the method for the play list setting, a method similar 
to the above described method for changing the connection 
method setting can be used. It should be noted that instead of 
positively setting the play list, it is possible to automatically 
set the play list corresponding to the operation mode when the 
operation mode is set. 
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When an instruction to start fitness exercise is given by the 
userby, for example, operating the menu button 3d (step S7), 
the CPU 8 causes the process to proceed to the processing at 
the start offitness exercise (4). In this processing (4), the CPU 
8 calculates an optimal heart rate curve based on the set 
operation mode (step S8). The optimal heart rate curve shown 
in FIG. 4 is calculated for a case where the jogging mode is 
set. The optimal heart rate curve represents a transition of 
heart rate from start to end of fitness exercise, which is opti 
mum for the user performing fitness exercise in the set opera 
tion mode. The optimal heart rate curve varies between 
respective users, and therefore, must be calculated based on 
user information (such as age, exercise history, and physical 
condition). It should be noted that this invention is not char 
acterized in a method for calculating the optimal heart rate 
curve, and the optimal heart rate curve can be calculated using 
any known method. Thus, an explanation of the calculation 
method is omitted herein. 

Next, the CPU 8 initializes the target tempo to a minimum 
tempo value which varies according to the operation mode 
(step S9). The minimum tempo value is a minimum tempo 
value indicated in the personal information 13b1 or 13b2 of 
the personal information file 13b. In the example of FIG. 3, 
the initial value of the target tempo is set to 80 bpm when the 
walk mode is set. On the other hand, when the jogging mode 
is set, the initial value of target tempo is set to 140 bpm. 

Next, the CPU 8 performs a music selection process to 
select music data having a tempo corresponding to the set 
target tempo (step S10). 

FIG. 8 shows in flowchart the detailed procedure of the 
music selection process. 

In the music selection process, the CPU 8 searches for 
music having a tempo corresponding to the target tempo from 
the currently selected play list (step S31). Specifically, the 
CPU 8 accesses, one by one, pieces of meta data 13cm in 
music information file 13c which respectively correspond to 
pieces of music registered in the play list, and compares a 
main point value indicated in each of metadata 13cm with the 
target tempo value. If the main point value falls within a range 
in which the main point does not vary more than plus or minus 
3% from the target tempo value, the music corresponding to 
the currently accessed meta data is determined as intended 
music. When a plurality of intended music are found, any of 
them is randomly selected and the selected music is finally 
determined as intended music, thereby preventing the same 
music from being always determined as the intended music. 
As a result of the search in step S31, if it is determined that 

intended music is present, the CPU 8 gives an instruction to 
reproduce the music to the compressed audio decoder 16 
(steps S32 and S34). On the other hand, if it is determined that 
intended music is not present, the CPU 8 automatically pro 
duces music data (MIDI data) having the target tempo (steps 
S32 and S33), and then instructs the MIDI tone generator 
circuit 15 to reproduce the produced MIDI data (step S34). It 
should be noted that this invention is not characterized by the 
way of automatically producing music data having a tempo 
corresponding to the target tempo, and therefore, any known 
method for producing Such music data can be used. 
When the music selection process is completed, the CPU 8 

causes the process to proceed to the fitness process (5). The 
fitness process (5) is continued until an instruction to termi 
nate the fitness exercise is given by the user or until an esti 
mated completion time of fitness exercise (see FIG. 4) is 
reached. 

FIG. 9 shows in flowchart the detailed procedure of the 
fitness process (5). 
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In the fitness process (5), the CPU 8 performs the following 

processes. 
(21) A process for renewing the target tempo along the 

optimal heart rate curve (steps S44 to S46); 
(22) A music selection process performed when the target 

tempo is renewed (steps S47 and S49): 
(23) A pace change process performed when the pace 

up/down button 3b or 3c is operated (steps S42 and S48); and 
(24) A music selection process performed when the music 

data performance has been reached to a position short of the 
changeover position by a predetermined distance (steps S41 
and S49). 
As described above, upon elapse of a predetermined time 

period (30 seconds in this embodiment) from the start of 
performance (playback) based on music data having a tempo 
corresponding to the target tempo (step S43), the CPU 8 
causes the process to proceed to the target tempo renewal 
process (21). In this process (21), the CPU 8 detects user's 
pulse (heart rate) via the pulse detection circuit 5 (step S44). 
Next, the CPU 8 compares the detected heart rate with a target 
heart rate (a heart rate on the optimal heart rate curve at the 
time point of heart rate detection), and if the detected heart 
rate falls outside a range in which the heart rate does not vary 
more than plus or minus 3% from the target heart rate, the 
target tempo is increased or decreased by 5% (steps S45 and 
S46). Specifically, when the detected heart rate is more than 
3% higher than the target heart rate, the current fitness exer 
cise is too hard for the user, and the target tempo is decreased 
by 5% to decrease the load of the user. On the other hand, if 
the detected heart rate is more than 3% lower than the target 
heart rate, the current fitness exercise is too light for the user 
and the target tempo is increased by 5% to increase the load of 
the user. If, however, the target tempo falls outside a tempo 
range determined by the selected personal information (either 
the personal information 13b1 or 13b2) due to the increase or 
decrease in the target tempo, the target tempo is set to the 
lower or upper limit of the tempo range (the minimum or 
maximum tempo value). When the detected heart rate is 
within the range in which the hear rate does not vary more 
than plus or minus 3% from target heart rate (step S45), the 
target tempo is kept unchanged. 
When the target tempo has been renewed by the target 

tempo renewal process (21), the CPU 8 causes the process to 
proceed to the music selection process (22) (steps S47 and 
S49). In this process (22), the CPU 8 performs the music 
selection process which is basically the same as the process 
shown in FIG. 8 but partly changed therefrom (in respect of 
the processing in the step S49), to thereby select music data 
having a tempo corresponding to the target tempo. In the 
following, the way of how the music data changeover position 
upon changeover from music data being currently reproduced 
to selected music data is determined will be first described, 
and then the way of how part of the music selection process is 
changed will be described. 

FIGS. 11A to 11C are for explaining the way of how the 
music data changeover position is determined. Specifically, 
FIGS. 11A and 11B show a case where the changeover to the 
next music data is performed when music data is reproduced 
up to near the end of the music data, whereas FIG. 11C shows 
a case where the changeover to the next music data is per 
formed in the midst of the reproduction of music data. The 
case where the changeover of music data is performed in the 
music selection process (22) corresponds to the case shown in 
FIG. 11C, whereas the case shown in FIGS. 11A and 11B 
corresponds to the case where the music data changeover is 
performed in the music selection process (24). These two 
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cases will collectively be described below since the 
changeover in both the cases is carried out based on beat 
position. 

FIG. 11A shows a case where the preceding music piece A 
is made to fade out when the music is reproduced up to near 
the end of the music (as shown in FIGS. 12D and 12E), 
whereas FIG. 11B shows a case where the subsequent music 
piece B is made to fade in at that time (as shown in FIG. 12E). 

In the case that the preceding music piece A is made to fade 
out, but the Subsequent music piece B is not made to fade in 
upon changeover of music (as shown in FIG. 12D), the CPU 
8 acquires a beat position X immediately short of a fade-out 
start position, and starts the reproduction of the Subsequent 
music piece B at the same time when the music is reproduced 
to the beat position X. It should be noted that the reproduction 
start position for the Subsequent music piece B is made to 
match a beat position appearing for the first time in music 
data. The beat positions in the preceding music piece A and 
the Subsequent music piece B are respectively specified in 
meta data concerned (see FIG. 3), which makes it easy to 
acquire the beat positionX and start the music reproduction at 
a beat position Y. 

In the case that upon changeover of music, the preceding 
music piece A is changed over to the Subsequent music piece 
B while being cross-faded (as shown in FIG. 12E), the beat 
position X immediately short of the fade-out start position is 
acquired, and the beat positionYimmediately after a position 
at which the fade-in is completed is also acquired. Then, the 
start of reproduction of the Subsequent music piece B is 
moved up to make the beat positions X and Y to match each 
other. By referring to the beat position in the meta data cor 
responding to the preceding music piece A and the fade posi 
tion in the metadata corresponding to the Subsequent music 
piece B, the Subsequent music piece B can easily be repro 
duced such that the beat positions X and Y are made to match 
each other. 

FIG. 11C shows a case that the changeover to the next 
music data is carried out in the midst of music reproduction 
(as shown in FIG. 12A). In that case, if the changeover to the 
Subsequent music piece B is performed immediately after a 
music selection instruction is given, there occurs a deviation 
between the beat positions in the preceding music piece A and 
the Subsequent music piece B. To obviate this, the changeover 
to the Subsequent music piece B is carried out after the music 
is reproduced up to the beat position in the preceding music 
piece A. Upon changeover to the reproduction of the next 
music piece, a predetermined preparatory time (for example, 
one second) is required. Therefore, the beat position appear 
ing for the first time after the elapse of the preparatory time 
from when a music selection instruction is given is acquired 
as the changeover position for the preceding music piece A, 
i.e., the beat position X, and the reproduction of the subse 
quent music piece B is started at the same time when the 
music is reproduced up to the beat position X. 

In this embodiment, the preceding music piece A is 
changed over to the Subsequent music piece B based on beat 
positions X,Y in the preceding music piece A and the Subse 
quent music piece B, using the positions X, Y as changeover 
position. However, it is not inevitably necessary to use the 
beat positions X, Y as changeover position since the 
changeover from the preceding music piece A to the Subse 
quent music piece B can be made in any state, if the beats of 
the music pieces match each other. In other words, the 
changeover position may be set to a position shifted from the 
beat positions X, Y by predetermined timing (for example, a 
position shifted by half a beat), with the beats of the music 
pieces made to match each other. Specifically, in the example 
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shown in FIG. 11A, the changeover position X may be set at 
a position a half-beat short of the beat position located imme 
diately before the fade-out start position, and the changeover 
position Y may be set at a position a half-beat after the beat 
position located at immediately after the fade-in completion 
position. 

In the above, how the music data changeover position can 
be determined has been described by taking as examples the 
cases of FIGS. 12A, 12D, and 12E. In addition to the connec 
tion methods shown in FIGS. 12A, 12D, and 12E. connection 
methods shown in FIGS. 12B, 12C, and 12F are also provided 
in this embodiment, as described below. 

FIGS. 12B, 12C, and 12F show examples in which a stop 
gap phrase is inserted between the preceding music piece A 
and the Subsequent music piece B. 

FIG. 12B shows an example where reproduction of the 
preceding music piece A is instantaneously changed over to 
reproduction of a stopgap phrase, without the preceding 
music piece A being faded out, and the reproduction of the 
stopgap phrase is instantaneously changed over to reproduc 
tion of the Subsequent music piece B, without the Subsequent 
music piece B being faded in. In that case, the beat positionX 
in the preceding music piece A and the beat position Y in the 
Subsequent music piece B are acquired as described above, 
and the reproduction of the stopgap phrase is started at the 
same time when the music is reproduced up to the beat posi 
tion X, and the reproduction of the Subsequent music piece B 
is started from the beat position Y at the same time when the 
music is reproduced up to the end of the stopgap phrase. 

FIG. 12C shows an example where the stopgap phrase is 
reproduced while the preceding music piece A is being faded 
out, and the reproduction of the stopgap phrase is instanta 
neously changed over to reproduction of the Subsequent 
music piece B. In that case, as with the case shown in FIG. 
12D, the reproduction of the stopgap phrase is started at the 
same time when the music is reproduced up to the beat posi 
tionX in the preceding music piece A, and the fade-out of the 
preceding music piece A is started when the preceding music 
piece A is reproduced to the fade-out start position while the 
stopgap phrase is reproduced. In the fade-out of the preceding 
music piece A, the Sound Volume of the preceding music piece 
A is decreased at Such a rate that the Sound of the preceding 
music piece A is muted before completion of the reproduction 
of the stopgap phrase. Then, at the same time when the music 
is reproduced up to the end of the stopgap phrase, the repro 
duction of the subsequent music piece B is started at the beat 
position Y. 

FIG. 12F shows an example where reproduction of the 
preceding music piece A is instantaneously changed over to 
reproduction of the stopgap phrase, which is then changed 
over to reproduction of the subsequent music piece B, with 
the Subsequent music piece B being faded in while the stop 
gap phrase is reproduced. In that case, the reproduction of the 
stopgap phrase is started at the same time when the music is 
reproduced up to the beat position X in the preceding music 
piece A. During the reproduction of the stopgap phrase, the 
fade-in of the Subsequent music piece B is started at Such a 
position and with Such a rate as to cause the Subsequent music 
piece B to be reproduced up to the beat position Y at comple 
tion of the reproduction of the stopgap phrase. 

In this embodiment, compressed audio performance data is 
used for each of the preceding music piece A and the Subse 
quent music piece B, if such data is registered in the play list 
concerned. Since almost all the compressed audio perfor 
mance data for use by the user for immediate needs are 
registered in the play list, compressed audio performance data 
corresponding to the preceding music piece A and the Subse 
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quent music piece B can be selected in most cases. If com 
pressed audio performance data are selected for both the 
preceding music piece A and Subsequent music piece B, two 
compressed audio decoders 16 are required to concurrently 
reproduce these compressed audio performance data as 
shown in FIGS. 12D and 12E. In this embodiment, the music 
player MP can have two compressed audio decoders 16 to 
concurrently reproduce two pieces of compressed audio per 
formance data. In practice, however, it is preferable that the 
music player MP should have a single compressed audio 
decoder 16 from the viewpoint of reducing fabrication costs 
of the player. In the case of the music player provided with a 
single compressed audio decoder 16, it is impossible to con 
currently reproduce two pieces of compressed audio perfor 
mance data. To obviate this, the stopgap phrase may be gen 
erated in the form of MIDI data, which can be reproduced by 
the MIDI tone generator circuit 15. In that case, the preceding 
music piece Acan be connected to the Subsequent music piece 
B, while the preceding music piece is being faded out, as 
shown in FIG. 12C. Also, the preceding music piece A can be 
connected to the Subsequent music piece B, while the Subse 
quent music piece B is being faded in, as shown in FIG. 12F. 
As described above, when a music piece not registered in the 
play list is selected, the selected music piece is generated in 
the form of MIDI data and is reproduced. Thus, the MIDI tone 
generator circuit 15 must be provided although the elimina 
tion thereof is preferable for cost reduction. In the case that 
both the preceding music piece A and the Subsequent music 
piece B are MIDI data and if the stopgap phrase is also MIDI 
data, if there are provided a plurality of Sounding channels in 
the MIDI tone generator circuit 15, the same number of music 
pieces as the number of sounding channels can simulta 
neously be reproduced (provided that each music piece is 
reproduced by a singletone). In that case, the preceding music 
piece A, the Subsequent music piece B, and the stopgap phrase 
can be reproduced without difficulty, even if they are super 
imposed one another. 

Next, a method for generating the stopgap phrase will be 
described. 

In this embodiment, the stopgap phrase is generated in the 
form of MIDI data whose tempo can freely be changed as 
compared to audio data. In a case that there is a large differ 
ence in tempo between the preceding music piece A and the 
Subsequent music piece B, even if the generated stopgap 
phrase is constant in tempo (which is the case where the 
stopgap phrase is selected from among a plurality of stopgap 
phrases stored in the flash memory 13 and each having a 
constant tempo), the CPU 8 is able to change the tempo of the 
stopgap phrase as desired. As a result, there can be inserted 
the stopgap phrase whose tempo gradually changes from the 
tempo of the preceding music piece A to the tempo of the 
Subsequent music piece B. At this time, by generating the 
stopgap phrase only comprised of rhythm tone color (for 
example, drum tone color), the preceding music piece A can 
relatively smoothly be connected to the Subsequent music 
piece B without being affected by a tune of the preceding 
music piece A and a tune of the Subsequent music piece B 
whatever their tunes. If there is a difference in tempo between 
the preceding music piece A and the Subsequent music piece 
B, some user feels comfortable when the tempo immediately 
changes from the tempo of the preceding music piece A to the 
tempo of the subsequent music piece B rather than when the 
tempo gradually changes to the tempo of the Subsequent 
music piece B. For Such a user, there can be generated the 
stopgap phrase having a tempo that is the same as the tempo 
of the Subsequent music piece and that does not change with 
progression of music. 
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In this embodiment, the case where the tempo of each of the 

preceding music piece A and the Subsequent music piece B is 
acquired as a musical tone characteristic thereof has been 
described, and the stopgap phrase of what tempo should be 
generated based on the acquired tempo has been explained. 
However, the musical tone characteristic to be acquired is not 
limited to the tempo, but may be any other characteristic. 
Since the musical tone characteristic is indicated in the meta 
data 13cm and therefore can easily be acquired. Specifically, 
the preceding music piece A and the Subsequent music piece 
B may be subjected to frequency analysis, thereby determin 
ing in advance a time-dependent variation in power spectrum 
thereofas a value of EXCITE/CALM which is one of atmo 
sphere information. Then there can be generated, as stopgap 
phrase, a MIDI phrase in which the number of musical tones 
to be sounded gradually changes such as to realize a gradual 
change from the preceding music piece A to the Subsequent 
music piece B, or a phrase having the number of musical tones 
to be sounded which corresponds to that of either the preced 
ing music piece A or the Subsequent music piece B. Alterna 
tively, there can be generated a phrase whose sound Volume 
gradually changes from the preceding music piece A to the 
Subsequent music piece B or whose sound Volume matches 
that of either the preceding music piece A or the Subsequent 
music piece B. 
As described above, in this embodiment, the stopgap 

phrase is generated in the form of MIDI data based on the 
musical tone characteristic of at least one of the preceding 
music piece A and the Subsequent music piece B, but this is 
not limitative. A plurality of compressed audio performance 
data each being selectable as stopgap phrase can be stored in 
the flash memory 13, and from among these, the stopgap 
phrase Suited to the musical tone characteristic can be 
selected. In that case, since the flash memory 13 is small in 
storage capacity and a large number of stopgap phrases can 
not be stored therein, a limited number of stopgap phrases 
which are neutral and not affected by tune and which are 
Suited to any combination of preceding music piece A and 
Subsequent music piece B whatever their musical tone char 
acteristics should be stored in the flash memory 13. 

If a music piece which is a classic in genre, a therapeutic 
music in tune, and is 80 bpm in tempo is selected as the 
preceding music piece A and another music piece which is 
hard rock in genre, a hot number in tune, and 180 bpm in 
tempo is selected as the Subsequent music piece B, there may 
be selected the stop phrase in which bass drum is gradually 
faded in while an ambient phrase without beats is reproduced, 
and finally ambient tones are faded out and only bass drum 
tones are sounded in a tempo of the Subsequent music piece B. 
To this end. Such a stopgap phrase is stored beforehand in the 
flash memory 13. The “fade-in” and the “fade-out” in the 
stopgap phrase do not relate to the “fade-out” in the preceding 
music piece A and the “fade-in' in the Subsequent music piece 
B. The musical tone characteristic (genre, tune, tempo, and 
the like) of each of the preceding music piece A and the 
Subsequent music piece B is indicated in the metadata 13cm 
concerned as described above, and hence can be acquired 
with ease. 
On the other hand, ifa music piece which is a pops in genre, 

bright (C major) in tune, and 120 bpm in tempo is selected as 
the preceding music piece A and another music piece which is 
a R&B in genre, Sad (A minor) in tune, and 90 bpm in tempo 
is selected as the Subsequent music piece B, there may be 
selected the stopgap phrase in which a C major chord phrase 
is Smoothly modulated to an A minor chord phrase. To this 
end. Such a stopgap phrase is stored beforehand in the flash 
memory 13. 
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It should be noted that the above described stopgap phrases 
are shown by way of example. The stopgap phrase of the 
above described tune is not necessarily selected, even if the 
musical tone characteristic of each of the preceding music 
piece A and the Subsequent music piece B is determined. To 
select or generate the stopgap phrase, the musical tone char 
acteristic of at least one of the preceding music piece A and 
the Subsequent music piece B is acquired, and with reference 
to the acquired musical tone characteristic, the tune of the 
stopgap phrase is determined. One of features of this inven 
tion resides in this point. 

Next, an explanation will be given of how a part of the 
music selection processing shown in FIG. 8 is changed. 
As described above, in the music selection processing of 

FIG. 8, if the intended music is found as a result of search in 
step S31, the CPU 8 gives an instruction to reproduce the 
searched music to the compressed audio decoder 16 in step 
S34. On the other hand, if no intended music is found, the 
CPU 8 automatically generates music data (MIDI data) with 
a target tempo, and instructs the MIDI tone generator circuit 
15 to reproduce the generated MIDI data. In the processing in 
the step S34, the preceding music piece A and the Subsequent 
music piece B can be reproduced, even if either one of these 
music pieces is compressed audio performance data or MIDI 
data. Since the way of how music pieces are changed over and 
reproduced is to be described here, it is assumed by way of 
example that both the preceding music piece A and the Sub 
sequent music piece B are compressed audio performance 
data. 

Since the connection method is already set in step S4 in 
FIG.5A, the CPU 8 causes the preceding music piece A to be 
changed over to the Subsequent music piece B in accordance 
with the set connection method. For example, if the “instan 
taneous changeover” (see FIG. 12A) is set as the connection 
method, in response to a music selection instruction, the CPU 
8 acquires the beat positionX that will appear for the first time 
in the preceding music piece A after elapse of the preparatory 
time from meta data corresponding to the preceding music 
piece A, and acquires the beat position Y representing a repro 
duction start position for the Subsequent music piece B from 
metadata corresponding to the Subsequent music piece B, as 
previously explained with reference to FIG. 11C. Then, at the 
same time when the reproduction is performed up to the beat 
position X, the CPU 8 gives an instruction to reproduce the 
Subsequent music piece B to the compressed audio decoder 
16. On the other hand, if the “stopgap phrase insertion' (see 
FIG. 12B) is set as the connection method, in response to a 
music selection instruction, the CPU 8 acquires the beat posi 
tions X and Y in the same manner as in the case of the 
“instantaneous changeover being set. Then, at the same time 
when the reproduction is performed up to the beat position X, 
the CPU 8 gives an instruction to stop the reproduction of the 
preceding music piece A to the compressed audio decoder 16, 
and gives an instruction to start the reproduction of the stop 
gap phrase to the MIDI tone generator circuit 15. At the same 
time when the reproduction is performed to the end of the 
stopgap phrase, the CPU 8 gives an instruction to reproduce 
the Subsequent music piece B to the compressed audio 
decoder 16. An explanation on the reproduction process for a 
case where another connection method is set is omitted here, 
since Sucha process can be carried out in the light of the above 
described explanation on the reproduction process for the 
case where the “instantaneous changeover or the “stopgap 
phrase insertion' is set. 
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Referring to FIG. 9 again, when the user operates the pace 

up/down button 3b or 3c during the fitness process, the CPU 
8 causes the process to proceed to the pace change process 
(23). 

FIG. 10 shows in flowchart the detailed procedure of the 
pace change process (23). 

In the pace change process (23), when the pace-up button 
3b is operated, the CPU 8 increases the target tempo by 5%. 
On the other hand, when the pace-downbutton3c is operated, 
the target tempo is decreased by 5% (step S51). 

Next, the CPU 8 appropriately modifies the shape of the 
optimal heart rate curve in accordance with the increasef 
decrease in target tempo (step S52). The words “appropri 
ately modify” implies that the shape of the optimal heart rate 
curve may not be modified. In such a case, even if the user 
operates the pace up/down button 3b or 3cso as to increase or 
decrease the target tempo and musical performance is per 
formed based on music data having a tempo corresponding to 
the increased or decreased target tempo, the target heart rate 
per se remains the same as a value on the original optimal 
heart rate curve. As a result, the target tempo is gradually 
made close to the target tempo determined based on the 
original optimal heart rate curve, i.e., the target tempo for the 
case that the pace up/down button 3b or 3C is not operated, 
whereas a state is continued where the detected heart rate 
varies more than plus or minus 3% from the target heart rate. 
In other words, even if the pace up/down button 3b or 3c is 
operated and the target tempo is renewed, the renewed target 
tempo is only temporarily maintained. When the pace 
up/down button 3b or 3c is operated and the target tempo is 
renewed, therefore, it is preferable that the shape of the opti 
mal heart rate curve should also be modified accordingly. The 
degree of modification of the curve shape may be a 5% 
increase or decrease similarly to the degree of modification of 
the target tempo, but may be greater or Smaller than 5%. In 
addition, the degree of modification can be varied according 
to a time period for which the fitness exercise has been per 
formed. 

Next, the CPU 8 determines whether or not a time point at 
which an instruction to increase or decrease the target tempo 
has been given by the pace up/down button 3b or 3c is within 
30 seconds from the start of the fitness exercise. If so, the 
minimum tempo value in the currently set operation mode is 
renewed to the increased or decreased target tempo value 
(steps S53 and S54). Specifically, in the case that the jogging 
mode is currently set and the initial value of target tempo has 
been set at 140 bpm, when the pace-down button 3c is oper 
ated by the user within 30 seconds from the start of fitness 
exercise, the target tempo is changed to 133 bpm (5% smaller 
than 140 bpm), and the minimum tempo value of the personal 
information 13b2 is made equal to the changed target tempo 
of 133 bpm. As a result, the minimum tempo value of the 
personal information 13b2 is renewed from 140 bpm to 133 
bpm. It should be noted that the minimum tempo value of the 
personal information 13b2 is not immediately renewed by the 
processing in step S54 but temporarily renewed. The renewal 
is fixed upon receipt of user's approval in the processing in 
step S14 described below. 
When the pace-down button3C is operated by the user and 

the target tempo is decreased to below the maximum tempo 
value after elapse of more than 30 seconds from the start of 
fitness exercise or when the pace-up button 3b is operated and 
the target tempo exceeds the maximum tempo value, the 
maximum tempo value in the operation mode currently set is 
renewed by the CPU 8 to the increased or decreased target 
tempo value (steps S55 and S56). More specifically, in the 
state that the jogging mode has been set and the target tempo 



US 7,982,120 B2 
21 

has been set to 190 bpm, when the pace-down button 3c is 
operated by the user, the target tempo is changed to 181 bpm 
(5% smaller than 190 bpm), and the maximum tempo Vale of 
the personal information 13b2 is made equal to the changed 
target tempo of 181 bpm. As a result, the maximum tempo 
value of the personal information 13b2 is renewed from 190 
bpm to 181 bpm. It should be noted that the maximum tempo 
value of the personal information 13b2 is not immediately 
renewed by the processing in step S56 but temporarily 
renewed. The renewal is fixed upon receipt of user's approval 
in the processing in S14. 
When the target tempo has been changed by the pace 

change process (23) as described above, the CPU 8 subse 
quently performs the music selection process in step S49. 
When the selected music data is performed up to a position 

short of the music changeover position by a predetermined 
distance (step S41), the CPU 8 causes the process to the music 
selection process (24). In the process (24), the CPU 8 selects 
music data having a tempo corresponding to a target tempo by 
performing a music selection process in step S49, in which 
the music selection process in FIG. 8 is partly changed (step 
S49). It should be noted that in the case of the preceding music 
piece A of a type whose reproduction is completed while 
being faded out, when the preceding music piece A is changed 
over to the Subsequent music piece B after the preceding 
music piece A has been faded out, the rhythm of user's exer 
cise or dance is disturbed even if beats are matched between 
the music pieces. To obviate this, in the present invention, the 
reproduction of the Subsequent music piece B or the stopgap 
phrase is started at a beat position appearing before the start of 
fade-out of the preceding music piece A. To this end, if the 
music currently reproduced is of a type completed while 
being faded out, whether or not a beat position immediately 
short of the fade-out position by a predetermined distance is 
reached is determined in the determination process of the step 
S41. 

Referring to FIG. 5B again, when the fitness process (5) is 
finished (step S12), the CPU 8 causes the process to proceed 
to the process upon completion of fitness exercise (6). In this 
process (6), when the maximum or minimum tempo value 
indicated in the personal information has been changed, the 
CPU 8 writes the content of change into the corresponding 
personal information in the personal information file 13b 
upon receipt of user's approval (steps S13 and S14). 
As described above, in this embodiment, the reproduction 

of the preceding music piece A can be changed over to the 
reproduction of the Subsequent piece B, with silent parts and 
fade-in/out parts of the preceding music piece A and the 
Subsequent music piece B removed and the beat positions in 
the preceding music piece A and the Subsequent music piece 
B made to match each other. As a result, music pieces can be 
reproduced while making changeover therebetween without 
disturbing the rhythm of exercise, dance, or the like per 
formed by the user to the rhythm of music. 

In addition, the musical tone characteristic of each of the 
preceding music piece A and the Subsequent music piece B is 
acquired, and based on the acquired musical tone character 
istic, the stopgap phase for use in connecting the preceding 
music piece A and the Subsequent music piece B is generated. 
As a result, the preceding music piece A can Smoothly be 
connected to the Subsequent music piece B, whereby the 
rhythm of user's exercise or dance can be prevented from 
being disturbed. Furthermore, since the musical tone charac 
teristic analyzed beforehand by another apparatus (the PC 
100 in this embodiment) and written into metadata concerned 
is read out and acquired by the CPU 8, the CPU 8 may not 
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have high calculation ability capable of analyzing the musical 
tone characteristic of music data, whereby fabrication costs 
can be reduced. 

In this embodiment, the music selection process is per 
formed each time the target tempo is renewed by the pace 
changing operation. However, since a frequent change of 
music is unnatural and impractical, it is preferable that the 
change of music should be prohibited until 30 seconds have 
elapsed from the preceding change of music. 

It is to be understood that the present invention may also be 
accomplished by Supplying a system or an apparatus with a 
storage medium in which a program code of Software, which 
realizes the functions of the above described embodiment is 
stored, and causing a computer (or CPU or MPU) of the 
system or apparatus to readout and execute the program code 
stored in the storage medium. 

In this case, the program code itself read from the storage 
medium realizes the novel functions of the present invention, 
and hence the program code and a storage medium on which 
the program code is stored constitute the present invention. 

Examples of the storage medium for Supplying the pro 
gram code include a flexible disk, a hard disk, a magneto 
optical disk, an optical disk such as a CD-ROM, a CD-R, a 
CD-RW, a DVD-ROM, a DVD-RAM, a DVD-RW, or a 
DVD+RW, a magnetic tape, a nonvolatile memory card, and 
a ROM. Alternatively, the program code may be downloaded 
from a server computer via a communication network. 

Further, it is to be understood that the functions of the 
above described embodiment may be accomplished not only 
by executing a program code read out by a computer, but also 
by causing an OS (operating system) or the like which oper 
ates on the computer to perform a part or all of the actual 
operations based on instructions of the program code. 

Further, it is to be understood that the functions of the 
above described embodiment may be accomplished by writ 
ing a program code readout from the storage medium into a 
memory provided in an expansion board inserted into a com 
puter or a memory provided in an expansion unit connected to 
the computer and then causing a CPU or the like provided in 
the expansion board or the expansion unit to perform a part or 
all of the actual operations based on instructions of the pro 
gram code. 

This application is based on, and claims priority to, Japa 
nese Patent Application Nos. 2007-085509 and 2007 
085510, both filed on 28 Mar. 2007. The disclosures of the 
priority applications, in their entirety, including the drawings, 
claims, and the specification thereof, are incorporated herein 
by reference 
What is claimed is: 
1. A performance apparatus comprising: 
a storage unit adapted to store a plurality of performance 

data; 
a selection unit adapted to select any of the plurality of 

performance data stored in said storage unit; 
a first reproduction unit adapted to reproduce performance 

data selected by said selection unit, as non-MIDI audio 
data; 

a control unit adapted to control said first reproduction unit 
Such that preceding performance data being reproduced 
by said first reproduction unit is changed over to Subse 
quent performance data selected by said selection unit 
and performance data reproduction is continuously car 
ried out; 

a musical tone characteristic acquisition unit adapted to 
acquire a musical tone characteristic of at least one of the 
preceding performance data and the Subsequent perfor 
mance data; 



US 7,982,120 B2 
23 

a generation unit adapted, based on the musical tone char 
acteristic acquired by said musical tone characteristic 
acquisition unit, to generate stopgap performance data 
for connecting between the preceding performance data 
and the Subsequent performance data; and 

a second reproduction unit adapted to reproduce the stop 
gap performance data generated by said generation unit, 
as MIDI data, 

wherein said control unit is adapted to control said second 
reproduction unit such that the stopgap performance 
data of MIDI data is inserted between the preceding 
performance data of non-MIDI audio-data and the sub 
sequent performance data of non-MIDI audio-data and 
is reproduced. 

2. The performance apparatus according to claim 1, 
wherein said musical tone characteristic acquisition unit is 
adapted to acquire musical tone characteristics of both the 
preceding performance data of non-MIDI audio-data and the 
Subsequent performance data of non-MIDI audio-data, and 

said generation unit is adapted to generate stopgap perfor 
mance data that varies from the musical tone character 
istic of the preceding performance data of non-MIDI 
audio-data to the musical tone characteristic of the Sub 
sequent performance data of non-MIDI audio-data with 
elapse of time. 

3. The performance apparatus according to claim 1, further 
including: 

a stopgap performance data storage unit adapted to store a 
plurality of pieces of the stopgap performance data of 
MIDI data, 

wherein said generation unit is adapted to select the stop 
gap performance data of MIDI data from among the 
plurality of pieces of the stopgap performance data of 
MIDI data stored in said stopgap performance data stor 
age unit in accordance with the musical tone character 
istic acquired by said musical tone characteristic acqui 
sition unit. 

4. The performance apparatus according to claim 1, further 
including: 

a transmission/reception unit adapted to be connected to an 
external unit for data transmission and data reception to 
and from the external unit; and 

a data acquisition unit adapted to acquire, from the external 
unit via said transmission/reception unit, pieces of per 
formance data and pieces of musical tone characteristic 
data each indicating a musical tone characteristic of a 
corresponding one of the performance data, 

wherein said storage unit is adapted to store the perfor 
mance data acquired by said acquisition unit and also 
store the musical tone characteristic data corresponding 
to the performance data, and 

said musical tone characteristic acquisition unit is adapted 
to acquire the musical tone characteristic of at least one 
of the preceding performance data of non-MIDI audio 
data and the subsequent performance data of non-MIDI 
audio-data from the musical tone characteristic data 
stored in said storage unit. 

5. A non-transitory computer-readable storage medium 
storing a program for causing a computer to execute a method 
for controlling a performance apparatus including a storage 
unit storing a plurality of performance data, the method com 
prising: 

a selection step of selecting any of the plurality of perfor 
mance data stored in the storage unit; 

a first reproduction step of reproducing performance data 
Selected in said selection step, as non-MIDI audio-data; 
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24 
a control step of controlling said first reproduction step 

Such that preceding performance data being reproduced 
in said first reproduction step is changed over to Subse 
quent performance data selected in said selection step 
and performance data reproduction is continuously car 
ried out; 

a musical tone characteristic acquisition step of acquiring a 
musical tone characteristic of at least one of the preced 
ing performance data and the Subsequent performance 
data; 

a generation step of generating, based on the musical tone 
characteristic acquired in said musical tone characteris 
tic acquisition step, stopgap performance data for use in 
connecting between the preceding performance data and 
the Subsequent performance data; and 

a second reproduction step of reproducing the stopgap 
performance data generated in said generation step, as 
MIDI data, 

wherein said control step controls said second reproduc 
tion step such that the stopgap performance data of 
MIDI data is inserted between the preceding perfor 
mance data of non-MIDI audio-data and the Subsequent 
performance data of non-MIDI audio-data and is repro 
duced. 

6. The performance apparatus according to claim 1, 
wherein each of the plurality of performance data stored in 
said storage unit includes beat positions, 

said musical tone characteristic acquisition unit comprises 
a beat position acquisition unit adapted to acquire a first 
beat position in the preceding performance data of non 
MIDI audio-data and acquire a last beat position in the 
Subsequent performance data of non-MIDI audio-data, 
and 

said control unit is adapted to control said second repro 
duction unit Such that reproduction of the stopgap per 
formance data of MIDI data is started at the same time 
when the preceding performance data of non-MIDI 
audio-data is reproduced up to the last beat position, and 
reproduction of the Subsequent performance data of 
non-MIDI audio-data is started from the first beat posi 
tion at the same time when the Subsequent performance 
data of non-MIDI audio-data is reproduced up to the end 
of the stopgap. 

7. The performance apparatus according to claim 6. 
wherein said control unit is adapted to control said second 
reproduction unit such that the stopgap performance data of 
MIDI data is inserted between the preceding performance 
data of non-MIDI audio-data and the subsequent perfor 
mance data of non-MIDI audio-data and is reproduced while 
the preceding performance data of non-MIDI audio-data is 
being faded out, the Subsequent performance data of non 
MIDI audio-data is being faded in, or the preceding perfor 
mance data of non-MIDI audio-data is being faded out and the 
Subsequent performance data of non-MIDI audio-data is 
being faded in. 

8. The performance apparatus according to claim 1, 
wherein each of the plurality of performance data stored in 
said storage unit includes beat positions, 

said musical tone characteristic acquisition unit comprises 
a beat position acquisition unit adapted to acquire a beat 
position “X” in the preceding performance data of non 
MIDI audio-data and acquire a beat position “Y” in the 
Subsequent performance data of non-MIDI audio-data, 
and 

said control unit is adapted to control said second repro 
duction unit Such that reproduction of the stopgap per 
formance data of MIDI data is started at the same time 
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when the preceding performance data of non-MIDI 
audio-data is reproduced at the beat position “X”, and 
reproduction of the stopgap performance data of MIDI 
data is completed at the same time when the Subsequent 
performance data of non-MIDI audio-data is reproduced 5 
at the beat position “Y”. 

9. The performance apparatus according to claim 8. 
wherein said control unit is adapted to control said second 
reproduction unit such that the stopgap performance data of 
MIDI data is inserted between the preceding performance 

26 
data of non-MIDI audio-data and the subsequent perfor 
mance data of non-MIDI audio-data and is reproduced while 
the preceding performance data of non-MIDI audio-data is 
being faded out, the Subsequent performance data of non 
MIDI audio-data is being faded in, or the preceding perfor 
mance data of non-MIDI audio-data is being faded out and the 
Subsequent performance data of non-MIDI audio-data is 
being faded in. 


